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(54) Abstract Title 

PLASTIC CATHETER WITH ENHANCED ULTRASOUND VISIBILITY 



(57) An embryo replacement catheter has a flexible extruded shaft 1 of a transparent polyurethane with a 
bore 10 extending along its length. Gas bubbles 12 of a diameter in the range 5)xto 10^ are incorporated into 
the thickness of the wall of the shaft by adding gas during extrusion. The bubbles 12 are selected to increase 
the visibility of the catheter under ultrasound imaging whilst stili enabling material flowing along the catheter 
to be seen. 
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MEDICO SURGICAL DEVICES 
This invention relates to medico-surgical devices. 

The invention is more particularly concerned with medico-surgical devices, such as 
catheters, that are visible \inder ultrasoimd observation. 

Ultrasound imaging equipment is increasingly being used during surgical procedures 
to monitor the location of a device within the body. The visibility of a device xinder 
ultrasound depends on various factors including the difference between the acoustic 
impedance of the material of the device and that of the surrounding medium, such as the 
patient tissue or body fluid within which the device is located. This difference is relatively 
low with plastic devices such as catheters and may make conventional catheters difficult to 
locate. Even devices of metal, such as needles, present problems of visibility under 
ultrasoimd observation because of the directional nature of the reflections. In some 
orientations a metal needle may be clearly visible but in other orientations it may be 
considerably less visible. 

Attempts have been made to increase the visibility of medico-surgical devices under 
ultrasound observation in various ways. The surface of the device may be modified, such as 
by forming grooves or indentations in its surface. A reflective coating may be applied to the 
device, such as incorporating bubbles, as described in W098/19713 and EP0624342. 
Altematively, a metal marker may be secured to a plastics catheter. 
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It is an object of the present invention to provide an alternative medico-surgical 

device. 



According to one aspect of the present invention there is provided a medico-surgical 
device of a plastics material, the material including gas bubbles through the major part of the 
thickness of the material in at least a part of the device such as to increase the visibility of the 
device under ultrasound imaging. 

The device is preferably tubular and the gas bubbles may be provided around the 
entire circumference of the device or may be provided in a region of the device occupying 
only a part of the circimiference of the device, such as a strip extending along the length of 
the device. The outer surface of the device may be smooth and uninterrupted by gas bubbles, 
and the device may have an inner surface that is smooth and uninterrupted by gas bubbles. 
The bubbles may have a diameter in the range Ifi to 50p. and preferably have a diameter in 
the range 5 p. to 10|j.. The bubbles may be substantially spherical. The device may be 
extruded, the gas bubbles being formed by addition of gas during extrusion of the device. 
Aherhatively, the gas bubbles may be formed by a chemical foaming agent or by the 
incorporation of hollow microspheres into the plastics material. The plastics material is 
preferably substantially transparent, the size and density of the bubbles being selected such as 
to enable material flowing along the device to be viewed by the eye. The plastics material 
may be polyurethane. 

According to another aspect of the present invention there is provided an embryo 
replacement catheter comprising a flexible, hollow, extruded shaft of a substantially 
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transparent plastics material, the shaft including gas bubbles through the thickness of its wall, 
the density and size of the bubbles being selected to increase visibility of the catheter under 
ultrasound imaging whilst enabling an embryo within the catheter to be viewed by the eye, 
and the bore of the catheter being smooth and iminterrupted by the gas bubbles. 

According to a third aspect of the present invention there is provided a method of 
making a medico-surgical device comprising the steps of extruding a plastics material while 
incorporating a gas into the wall of the device such as to form gas bubbles through the major 
part of the thickness of the wall of the device sufficient to increase the visibihty of the device 
under ultrasound observation. 

According to a fourth aspect of the present invention there is provided a method of 
making a medico-surgical device comprising forming a wall of a plastics material containing 
a chemical foaming agent such as to form gas bubbles through the major part of the thickness 
of the wall of the device sufficient to increase the visibility of the device under ultrasound 
observation. 

According to a fifth aspect of the present invention there is provided a method of 
making a medico-surgical device comprising forming a wall of a plastics material containing 
hollow microspheres such as to form gas bubbles through the major part of the thickness of 
the wall of the device sufficient to increase the visibihty of the device under ultrasound 
observation. 
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According to a sixth aspect of the present invention there is provided a device made 
by a method according to the above third, fourth or fifth aspect of the present invention. 

An embryo-transfer catheter and its method of manufacture, according to the present 
invention, will now be described, by way of example, with reference to the accompanying 
drawing, in which: 

Figure 1 is a side elevation view of the catheter; 

Figure 2 is a sectional side elevation view of a part of the catheter of Figure 1 to 



With reference first to Figures 1 and 2, the catheter comprises a flexible shaft 1 and a 
hub 2 joined at the rear end of the shaft. The shaft 1 has a circular section and a bore 10 
extending along its length. The shaft 1 opens at its forward, right-hand, patient end 1 1, which 
is atraumatically rounded. The shaft 1 is extmded from a clear, transparent polyurethane 
material and incorporates small, gas-filled bubbles 12 the size and distribution of which are 
selected to increase the visibility of the catheter under ultrasound observation. Typically, the 
gas bubbles have a diameter in the range of about 0. 1 |j. to 300|i, preferably being between 1 |i 
and 50^ with the most preferred range being 5^ to 10|x. The bubbles 12 extend through the 



a larger scale; 



Figure 3 



illustrates schematically manufacture of the catheter; and 



Figure 4 



is a sectional transverse view through an altemative catheter. 
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entire thickness of the wall of the shaft 1 and may be spherical or of any other regular or 
irregular shape. The outer and inner surfaces 13 and 14 of the shaft may be smooth and 
uninterrupted by gas bubbles or the bubbles may break the surface. 

The hub 2 serves to make connection with the shaft 1 and is moulded from a rigid, 
transparent plastics material, being subsequently bonded with the rear end of the shaft. 

The shaft 1 is extruded in the manner shown in Figure 3 using an extmsion machine 
20, Polyurethane material 21 is heated and supplied to the extrusion head 22 in the usual way 
but a gas such as nitrogen of carbon dioxide is also injected through the inlet 23 imder 
pressure into the melt. As the plastics emerges from the extrusion head 22 the gas expands to 
form the bubbles 12. The relatively gas-permeable nature of the plastics means that after 
manufacture the bubble- forming gas will quickly escape and be replaced with air. 

The shaft 1 can be extruded continuously at low cost, without the need for any 
subsequent operations apart jfrom attaching the hub 2 and end forming the patient end tip 1 1 . 

The catheter shaft could be formed by other melt processes, such as injection 
moulding or blow moulding. 

The bubbles could be formed in ways other than by injection of gas into the melt. For 
example, chemical foaming agents could be added to the plastics material, such as: 
azocarbonomides, dinitrosopentmethelyene-tetramine, benzenephonohydrazine, 4,4 
oxybis(benzenephonohydra2ine), NN^ dimethyl-NN ^ dinitrosoterephthalamide, 
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azoisobutyronitrile, sodium bicarbonate, terephthalazide or trihydrazinatrazine. Another way 
of forming the gas bubbles would be by incorporating a hquid into the plastics melt which 
volatises during the melt process. Alternatively, sohd powdered dry ice (carbon dioxide) 
could be incorporated into the melt so that the particles of dry ice become gas bubbles during 
the forming process. It might be possible to use other solids which undergo sublimation in 
this way. The bubbles could be formed directly as a result of chemical reaction during 
polymerisation and or alternatively during cross-linking. The bubbles could be formed 
mechanically by whipping the plastics in a liquid form, such as in the manner used to form 
latex foam. The bubbles could be formed by the incorporation of hollow microspheres of 
resin or glass. Alternatively, small particles of a soluble material could be added to the 
plastics melt and subsequently dissolved away. 

A shaft of this kind can have good visibility under ultrasoimd imaging without 
producing multiple echoes and can produce a good image regardless of the orientation of the 
shaft. The shaft can be made sufficiently transparent to ultrasound energy to enable material 
flowing along the bore of the catheter to be observed on the ultrasound image. 

Because the catheter does not require any coating or separate marker there is no need 
for subsequent assembly operations and there is no risk of detachment. The catheter can be 
made of conventional medically-approved materials so does not present any new risk to the 
patient. Because the surface of the catheter can be smooth, the catheter can be inserted or slid 
through an outer tube with low friction. The smooth bore of the catheter ensures free flow 
along the bore, which can be important where the catheter is used to transfer embryos. The 
smooth surfaces also reduce the accumulation of biofilm on the catheter. The catheter can be 
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made without the need for metal components, which can be an advantage where the catheter 
is used while the patient is being viewed by magnetic imaging techniques. The catheter can 
be completely transparent to x-rays or the plastics from which it is formed could incorporate 
an x-ray opaque filler, such as barium sulphate. 

The bubble size and density can be selected so that the optical transparency of the 
plastics forming the shaft remains sufficient to enable material flowing along the shaft to be 
viewed by the eye. 

There are various ways in which the catheter could be modified. For example, it could 
be preferable for the bubbles to have a non-spherical shape and be oriented in a particular 
direction, such as longitudinally. This could be achieved by means of an obstruction in the 
extrusion die that constricts and elongates the bubbles as they flow through. Such an 
arrangement may give an increase in ultrasound visibility whilst reducing the opacity of the 
shaft to the eye. 

It is not essential for the bubbles to be provided around the entire circumference of the 
shaft. As shown in Figure 4, the bubbles 12* could be formed only in one or more stripes 
extending along the shaft 1 \ such as in the stripe 40. This arrangement can be used where the 
shaft needs to have increased clarity so that material within the catheter can be seen by the 
eye. The bubble region need not be continuous along the length of the catheter. Instead, 
discrete separate regions with bubbles could be separated firom one another along the length 
of the catheter by regions without bubbles. A shaft for such a catheter could be made by 
intemipting gas flow to the extruder. Where the bubbles are contained within a stripe, this 
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could be interrupted to make it discontinuous by extruding the stripe using two auxiliary 
extruders, one having material with a blowing agent and the other having material without the 
blowing agent. Altemate extruders are switched on and off so that the stripe can have sections 
containing bubbles separated from one another by sections without bubbles. A catheter with 
an interrupted bubble region may give a clearer ultrasound indication of movement of the 
catheter along its length and may also enable clearer observation of material flowing along 
the catheter both by ultrasound and by the eye. 
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CLAIMS 

1 A medico-surgical device of a plastics material, wherein the material includes gas 

bubbles through the major part of the thickness of the material in at least a part of the 
device such as to increase the visibility of the device under ultrasound imaging. 

2. A device according to Claim 1, wherein the device is tubular, 

3. A device according to Claim 1 or 2, wherein the gas bubbles are provided around the 
entire circumference of the device. 

4. A device according to Claim 1 or 2, wherein the gas bubbles are provided in a region 
of the device occupying only a part of the circumference of the device. 

5. A device according to Claim 4, wherein the region is a strip extending along the 
length of the device. 

6. A device according to any one of the preceding claims, wherein the outer surface of 
the device is smooth and uninterrupted by the gas bubbles. 

7. A device according to any one of the preceding claims, wherein the device has an 
inner surface and the inner surface is smooth and uninterrupted by the gas bubbles. 
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8. A device according to any one of the preceding claims, wherein the bubbles have a 
diameter in the range l|.i to 50ja. 

9. A device according to Claim 8, wherein the bubbles have a diameter in the range 5j,i 
to lOp. 

10. A device according to any one of the preceding claims, wherein the bubbles are 
substantially spherical. 

11. A device according to any one of the preceding claims, wherein the device is 
extruded, and wherein the gas bubbles are formed by addition of gas during extmsion 
of the device. 

12. A device according to any one of Claims 1 to 10, wherein the gas bubbles are formed 
by a chemical foaming agent. 

13. ""A device according to any one of Claims 1 to 1 0, wherein the gas bubbles are 

provided by the incorporation of hollow microspheres into the plastics material. 

14. A device according to any one of the preceding claims, wherein the device is tubular, 
wherein the plastics material is substantially transparent, and wherein the size and 
density of the bubbles is selected such as to enable material flowing along the device 
to be viewed by the eye. 
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15. A device according to any one of the preceding claims, wherein the plastics material 
is polyurethane. 

16. An embryo replacement catheter comprising a flexible, hollow, extruded shaft of a 
substantially transparent plastics material, wherein the shaft includes gas bubbles 
through the thickness of its wall, wherein the density and size of the bubbles is 
selected to increase visibility of the catheter under ultrasound imaging whilst enabling 
an embryo within the catheter to be viewed by the eye, and wherein the bore of the 
catheter is smooth and uninterrupted by gas bubbles, 

1 7. An embryo replacement catheter substantially as hereinbefore described with 
reference to the accompanying drawing. 

1 8. A method of making a medico-surgical device comprising extruding a plastics 
material while incorporating a gas into the wall of the device such as to form gas 
bubbles through the major part of the thickness of the wall of the device sufficient to 
increase the visibility of the device under ultrasound observation. 

19. A method of making a medico-surgical device comprising forming a wall of a plastics 
material containing a chemical foaming agent such as to form gas bubbles through the 
major part of the thickness of the wall of the device sufficient to increase the visibility 
of the device under ultrasound observation. 
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20. , A method of making a medico-surgical device comprising fpraiing a wall of a plastics 

materia] containing hollow microspheres such as to form gas bubbles through the 
major part of the thickness of the wall of the device sufficient to increase the visibihty 
of the device under ultrasound observation. 

21. A method of making an embryo replacement catheter substantially as hereinbefore 
described with reference to the accompanying drawing. 

22. A device made by a method according to any one of Claims 1 8 to 2 1 . 

23. Any novel and inventive feature or combination of features as hereinbefore described. 



237961 GA I > 




% Office I 



INVESTOR IN PEOPLE 



Application No: 
Claims searched: 



GB 0216145.3 
1-22 



Examiner: 
Date of search: 



Dr. Simon Grand 
10 January 2003 



Patents Act 1977 : Search Report under Section 17 



Documents considered to be relevant: 



Category 


Relevant 

to c1f)irn^ 


Identity of document and passage or figure of particular relevance 


X 


1-3.6-11. 
13-15 and 
18-21 


EP 0386936 Al 


(VANCE PRODUCTS INC.) See figs, and 
col.l 11.17-31, col.3 11.21-28 and col.5 11.2-8 


X 


1-5 at least 


DE 4014998 Al 


(WOLF) See figs., col.3 11.38-53 and WPI 
abstract acc . no . 1 99 1 -34 1 060/47 


X 


1 andS 


DE 3936162 Al 


(SCHUBERT) See figs, and WPI abstract acc. 
no. 1991-185943/25 


X 


18 


WPI Abstract Accession No. 1987-121289/17 of SU 1255450 Al 
(KZEN-R KAZAN) See abstract 


A 




EP 0624342 Al 


(BECTON DICKINSON AND CO.) See figs. 


A 




WO 98/19713 Al 


(STS BIOPOLYMERS) See whole document 



Categories:. 



X Document indicating lack of no velty or inventive step A Document indicating technological background and/or state of the art 



Y Document indicating lack of inventive step if combined 
with one or more other documents of same category. 

& Menriber of the same patent fiimily 



P Documentpublished on or after (be declared priority date but before the 
tiHng date of this invention. 

E Patent document publi^ed on or after, but with priority date earlier 
than, the filing date of this application. 



Field of Search: 

Search of GB, EP, WO & US patent documents classified in the following areas of the UKC^: 



Worldwide search of patent documents classified in the following areas of the IPC^. 

A61B, A61L, A61M 

The following online and other databases have been used in the preparation of this search report: 

ONLINE lEPODOC, WFl, JAPIO 



2379610A I > 



An Executive Agency of the Department of Trade and Industry 



« 

> .J* 

- -B . • ... 



\ Hlb fmt BLANK (MSPTO) 



